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EXPANDABLE DOWNHOLE TUBING 

This invention relates to expandable downhole tubing. 
In particular, the invention relates to coupling or 
connecting expandable downhole tubing. One aspect of the 
invention relates to a method of locating a section of 
expandable tubing in a bore. 

Expandable tubing for use in downhole applications is 
described in WO93/25800, the disclosure of which is 
incorporated herein by reference. The tubing is useful as, 
for example, borehole liner or as a sandscreen support, the 
use of expandable tubing in sandscreens being more fully- 
described in W097/17524, the disclosure of which is also 
incorporated herein by reference. In one application, a 
section of expandable tubing is positioned in an unlined 
section of bore intersecting a hydrocarbon-bearing 
formation, below an existing bore casing and bore liner. 
The tubing is then expanded, preferably into contact with 
the bore wall. The expanded liner supports the bore wall 
while allowing oil and gas to pass from the formation into 
the bore. In another application, an expandable . well 
screen is provided, the screen comprising perforated filter 
sheets mounted on an expandable slotted carrier tube and 
within a coaxial expandable slotted protective tube. The 
well screen is expanded downhole to such a size that the 
protective tube can be set against the surrounding 
formation. 
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For locating expandable tubing in a bore it would be 
preferable, to provide a secure connection between the upper 
end of the expandable tubing and the lower end of an 
existing bore liner; simply locating the tubing in the 
liner, with no mechanical connection therebetween, may 
result in an offset between the two, creating an 
irregularity on which tools may snag and an unwanted gap 
through which fluid may flow. 

US Patent No. 3,353,599 discloses a method for 
securing ends of expandable liner to solid surrounding 
tubing by means of plastic impregnated glasis filter mats. 
However, the applicant considers that this method would 
encounter many difficulties in this particular application 
due to, for example, contamination of the mats by the fluid 
in the bore and the possibility of the mats being dislodged 
or damaged during installation of the liner and the 
expandable tubing, or during other downhole operations. 

It is among the objectives of the present invention to 
obviate or mitigate these disadvantages. 

According to the present invention there is provided 
a method of coupling a section of expandable tubing, the 
method comprising the steps: 

providing a length of expandable tubing and a length 
of larger diameter non-expanding tubing; 

connecting an end portion of said expandable tubing to 
an end portion of said non- expanding tubing with a portion 
of expandable tubing; 

running the tubing into a bore; and 
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expanding the expandable tubing. 

According to a further aspect of the present invention 
there is provided a tubing assembly comprising a length of. 
expandable tubing, a length of larger diameter non- 
expanding . tubing, and a connecting portion of expandable 
tubing connecting an end portion of the expandable tubing 
to an end portion of the non-expanding tubing. 

These aspects of the invention facilitate connection 
of a length of expandable tubing to. a length of non- 
expanding tubing. 

The expandable tubing may be a borehole liner or 
support, or may form part of. an expandable well screen or 
sand screen. 

The non- expanding tubing may be a solid connector or 
coupling, and thus may be a solid connector for joining two 
lengths of expandable tubing. In particular, this 
embodiment of the invention permits expandable well screen 
or sand screen sections to . be connected using solid 
connectors, obviating the difficulties involved in 
connecting such well screen sections utilising expandable 
connectors. 

The connecting portion may be formed by partially 
expanding an end of the expandable tubing to a diameter 
corresponding to the non-expanding tubing. Alternatively, 
the non-expanding tubing may have an expandable tapering 
end portion which forms the connecting portion, the smaller 
diameter end of the tapering portion, being of a diameter 
corresponding to the expandable tubing. 
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The connecting portion may be welded to one or both of 
the expandable tubing and the non-expanding tubing. 
Alternatively, the connection may be provided by other 
means, such as screw threads, pins, screws, rivets" or 
radially movable keys or fingers engaging corresponding 
profiles . 

According to another aspect of the present invention 
there is provided a method of locating a section of 
expandable tubing in a bore, the method comprising the 
steps: 

providing a length of expandable tubing and a length 
of larger diameter non-expanding tubing; 

connecting an end portion of said expandable tubing to 
an end portion of said non-expanding tubing with a portion 
of expandable tubing; 

running the connected tubing into a bore; 

fixing said non-expanding tubing in the bore; and 

expanding the expandable tubing. 

According to a still further aspect of the present 
invention there is provided a tubing assembly comprising a 
length of expandable tubing, a length of larger diameter 
non-expanding tubing including means for connecting the 
non-expanding tubing to further tubing located in a bore, 
and a connecting portion of expandable tubing connecting an 
end portion of the expandable tubing to an end portion of 
the non-expanding tubing, the arrangement being such that, 
in use, the connected tubing may be run into a bore as a 
unit. 



WO 99/23354 



PCT/GB98/03261 



5 - 

Thus, in these aspects of the present invention, the 
expandable tubing is connected to the noh- expanding tubing 
on surface , prior to running the expandable tubing into the 
bore and prior to expansion of the tubing. The non- 
expanding tubing may be. fixed in the bore by any suitable 
connecting means, typically by connection to an existing 
section of bore liner or casing. The connection may 
utilise, for example, a liner hanger, a packer, cooperating 
screw threads or radially movable keys engaging 
corresponding profiles. 

The expandable tubing may be a borehole liner or 
support, or may form part of an expandable well screen or 
sand screen. 

The connecting portion may be formed by expanding an 
upper end of the expandable tubing to a diameter 
corresponding to the non-expanding tubing. Alternatively, 
the non- expanding tubing may have an expandable tapering 
lower end portion which forms the connecting portion, the. 
smaller diameter end of the tapering portion being of a 
diameter corresponding to the expandable tubing. 

Preferably also, . the assembly includes a running tool 
including means for releasably mounting the tubing thereon. 
The mounting means may be released utilising one of, or a 
combination of, mechanical force and fluid pressure. 
Preferably also, the running tool incorporates means for 
expanding the expandable tubing, which means may be a cone 
or mandrel which will expand the tubing when pushed or 
pulled therethrough. Most preferably, the expanding means 
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is initially located within the connecting portion. 

The. connecting portion may be welded to one or both of 
the expandable tubing and the non- expanding tubing. 
Alternatively, the connection may be provided by other 
means, such as screw threads, pins, screws, rivets or 
radially movable keys or fingers engaging corresponding 
profiles .. 

These and other aspects of the present invention will 
now be described, by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 is a sectional view of a tubing assembly in 
accordance with an embodiment of the present invention, 
shown located in the sump end of a bore; 

Figure 2 is an enlarged sectional view of a portion of 
the tubing assembly of Figure 1; 

Figure 3 is a sectional view of a portion of a tubing 
assembly in accordance with a further embodiment of the 
present invention; 

Figure 4 is a sectional view of a portion of a tubing 
assembly in accordance with another embodiment of the 
present invention; and 

Figure 5 is a sectional view of a portion of a tubing 
assembly in accordance with a still further embodiment of 
the present invention. 

The assembly 10 comprises expandable tubing 12 
connected to the lower end of a non-expanding sleeve 14, 
the sleeve 14 being fixed relative to a section of bore 
casing 15 which defines a seal bore 16 . The expandable 
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tubing 12 is initially of a smaller diameter than the. 
sleeve 14 and casing 15 and extends into the uncased lower 
end of a drilled bore 18, this being the section of the 
bore 18 which intersects the oil-bearing formation. The: 
expandable tubing 12 is similar to that described in 
WO93/25800, the tubing wall defining a multiplicity of 
overlapping longitudinal slots 20. A number of tubing 
sections 12a, 12b are provided and are joined together 
using appropriate connectors 22, such , as the connectors 
described in PCT\GB96\01250 or PCT\GB96\03026 , the. 
disclosures of which are incorporated herein by reference. 

At its upper end 12c, the tubing 12 has been pre- 
expanded to a diameter corresponding to the diameter of the 
sleeve 14, and the pre -expanded portion 12c welded to the 
sleeve 14, as. illustrated in greater detail in Figure 2. 
The lower end portion of the sleeve 14 receives the upper 
pre -expanded end 12c of the tubing and is slotted 40, to 
facilitate welding of the tubing 12c to the sleeve 14. 
Further, the sleeve 14 defines a. shoulder 42 for abutting 
the upper end of the: expanded tubing end 12c. In use, the 
sleeve 14 is threaded and pinned to a liner section 
including a conventional hanger (not shown) for connection 
to the existing bore casing 15. 

Located within the pre-expanded portion 12c is a 
running tool 24 for connection to the lower end of a 
running string (not shown) , typically formed of drill pipe. 
The running tool 24 features radially movable keys 2.6 which 
releasably engage a profile 28 on the expandable tubing 12. 
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The illustrated running ; tool is similar to the tool 
described in our earlier UK patent application GB 
9625937. 9, the disclosure of which is incorporated herein 
by reference, and may be activated, by fluid pressure to 
retract the keys 26 and release the tubing assembly 12, 14 
when desired. The upper end of the running tool 24 
includes an expansion cone 30 which may be pushed 
downwardly to expand the tubing 12, as will be described 
below. 

In use, the expandable tubing 12 and the sleeve 14 are 
welded together on the surface and the running tool 24 
located within the tubing assembly 12, 14 with the keys 26 
extended to engage the tubing prof ile 28. The running tool 
24 is then mounted on the lower end of the running string 
and the assembly of the tubing 12, sleeve 14, liner, liner 
hanger and tool 24 run into the bore 18. 

On reaching the lower end of the bore 18, the liner 
hanger is actuated to fix the liner to the lower end of the 
bore casing, above the uncased section of bore. The 
running tool 24 is then manipulated and fluid pressure 
applied to the topi 24 from the surface through the running 
string to retract the keys 26 and release the tubing 12 and 
liner. The running tool 24 is then pushed downwardly, 
through, the tubing 12, such that the cone 30 expands the 
tubing 12 into contact with the bore wall, the solid non- 
expanding sleeve 14 preventing the pre-expanded tubing end 
12c from bellowing out during expansion of the remainder of 
the tubing 12. The running tool 24 is then withdrawn. 
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Thus, the invention obviates the need to form a connection 
between the expandable tubing 12 and " the non-expanding 
liner while the tubing 12 and liner are downhole. 

Reference is now made to Figure 3 of the drawings, 
which is a sectional view of a portion of a tubing assembly 
48 in accordance with a further embodiment of the present 
invention. In this embodiment a lower liner section 50 
defines a tapering connecting portion 52 formed of a 
plurality of connecting arms 54. The upper end of the 
expandable tubing 56 is fixed to the arms 54 by appropriate 
screws. 58, and it. will be noted that the slots 60 in the 
connecting portion 52 correspond with the slots 62 in the 
expandable tubing 56. : 

This assembly 48 is utilised in a similar manner to 
the assembly 10 described above, however the expansion cone 
30 will expand the tapering connection portion 52 as well 
as the expandable . tubing; 5.6 , 

Reference is now made to Figure 4 of the drawings, 
which illustrates a tubing assembly 70 comprising a length 
of expandable tubing;, in the form of an expandable slotted 
carrier tube 72, a length of larger diameter non- expanding 
tubirig, in the form of a solid connector. 74, and a 
connecting portion of expandable tubing 76 connecting the 
end portion of the carrier tube 72 to the. end portion of 
the connector 74 . 

. The carrier tube 72 supports perforated filter sheets 
78 and an expandable slotted protective tube 80 is mounted 
over the sheets 78, thus forming an expandable sand screen 
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assembly, such as described in W097/17524. . 

At its upper end, the carrier tube 72 has been pre- 
expanded to a diameter corresponding to the diameter of the 
connector 74, and the pre-expanded connecting portion 76 
welded to the connector 74. The lower end portion of the 
connector 74 receives the connecting portion 76 and is 
slotted 82, to facilitate welding of the tubing portion 76 
to the connector 74. Further, the connector 74 defines a 
shoulder 84 for abutting the upper end of the expanded 
tubing end 76, and an internal thread 86. 

The perforated filter sheets 78 extend to adjacent the 
end of the carrier tube 72 and thus extend into the 
connector 74. The outer protective tube 80 stops short of 
the end of the carrier tube 72 and does not extend into the 
connector 74. The pre-expansion of the carrier tube 72 
produces a corresponding expansion of the filter sheets 78 
and an expansion of the end of the tube 80. 

In use, the connector 74 is threaded and pinned to a 
corresponding solid connector (not shown) defining an 
external thread coupled to the lower end of another 
expandable sand screen section. A number of sand screen 
sections may be coupled in this manner and run downhole to 
a desired location in the bore. An expansion cone or the 
like is. then pushed or pulled through the sand screen 
sections and causes the unexpanded and partially expanded 
sections of sand screen to expand to a diameter 
corresponding to the diameter of the connectors 74, which 
will correspond closely to the bore diameter. Further, as 
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described in WO93/25800, by selecting an/appropriate cone 
profile, it is possible to expand the tubing to a^diameter 
. greater than that of the cone,, and in this manner it may be 
possible to expand the sand screen assembly such that the 
outer tubing 80 is expanded into, contact with the bore 
.wall. This effect ,may also be achieved or facilitated by 
selecting the relative dimensions of the connector 74 and 
sand screen elements such that, on expanding the inner 
tubing 72 to a diameter corresponding to the inner diameter 
of the connector 74,. the outer surface of the expanded 
tubing 80 extends radially beyond the outer surface of the 
connector. 

^Reference is now made to Figure 5 of the drawings, 
which illustrates a. tubing, assembly 90 in accordance with 
a still further aspect of the present invention. The 
assembly 90. comprises an expandable pin connector 92, for 
coupling, to a section of expandable bore liner or an 
expandable, screen, a solid crossover section 94 for 
coupling to a. hanger, and a tapering connecting portion 96 
machined in a similar manner to a section of expandable 
tubing, that is the portion 96 defines a number of 
overlapping longitudinal slots 98. 

The pin connector 92 defines an external thread 100, 
and an undercut i02 for engaging corresponding features on 
a connector provided on the expandable bore liner or 
screen; the expandable connector is generally similar in 
form to the : connector described in our PCT\GB96\01250 , the 
disclosure of which is incorporated herein by reference. 
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It will be clear to those of skill in the art that the 
above described embodiments are merely exemplary of the 
present invention and that various modifications and 
improvements may be made thereto without departing from the 
scope of the invention. For example, the assembly 10 may 
be provided in conjunction with another form of running 
tool, or may be utilised to locate expandable tubing in 
other locations in a bore and to connect expandable tubing 
to other forms of solid tubing. Further, the connector 74 
may be utilised to connect other forms of sand screen 
incorporating different filter media, or may be utilised to 
connect single lengths of expandable tubing. 
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CLAIMS 

1. A tubing coupling method comprising the steps: 
providing a length of expandable tubing and .a length 

of larger diameter non-expanding tubing; 

connecting an end portion of said, expandable tubing to 

an end portion of said non-expanding tubing with a portion 

of expandable tubings- 
running the tubing into a bore ; and 
expanding the expandable tubing . 

2 . The method of . claim 1, wherein the expandable tubing 
is expanded to provide a borehole liner or support. 

3. The method of claim 1, wherein the expandable tubing 
is expanded to provide at least part of an expandable well 
screen or sand screen. 

4. The method of any of claims 1, 2 or 3, wherein the 
non-expanding tubing is a solid connector and is joined to 
a second length of expandable tubing. 

5. The method of any of claims 1 to 4, wherein the 
connecting portion of expandable tubing is formed by 
partially expanding an end of the expandable tubing to a 
diameter corresponding to the non-expanding tubing. 
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6. The method of any of claims 1 to 4, wherein the 
connecting portion of expandable tubing is formed by 
providing the non- expanding tubing with . an. expandable 
tapering end portion. 



7. The method of any of the preceding claims, wherein the 
connecting portion is welded to one or both of the 
expandable tubing and the non-expanding tubing. 

8. The method of any of claims 1 to 6, wherein the 
connecting portion is coupled to one or both of the 
expandable tubing and the non-expanding tubing by 
mechanical fasteners . . 

9. A tubing assembly comprising a length of expandable 
tubing, a length of larger diameter non-expanding tubing, 
and a connecting portion of expandable tubing connecting an 
end portion of the expandable tubing to an end portion of 
the non-expanding tubing. 

10. The assembly of claim 9, wherein the expandable tubing 
is expandable to form a borehole liner or support. 

11. The assembly of claim 10, wherein the expandable 
tubing is or forms part of an expandable well screen or 
sand screen 

12. The assembly of claim 9, 10 or 11, wherein the non- 
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expanding tubing is or forms part of a connector. 

13. The assembly of claim 12; wherein the connector is 
adapted for joining two lengths of expandable tubing. 

14 . The assembly of claim 13 , . wherein the connector is 
adapted for joining lengths, of expandable tubing forming 
part of respective expandable well screen or sand screen 
sections. 

15. The . assembly of any of claims 9 to 14, wherein the 
connecting portion is a partially expanded end portion of 
the expandable tubing. 

16. The assembly of any of claims 9 to 14, wherein the 
connecting portion is an expandable tapering end portion of 
the non-expanding tubing. 

17. The assembly of claim 9, wherein the expandable tubing 
is an expandable connector. 

18. A method of locating a section. of expandable tubing in 
a bore, the method comprising the steps: 

providing a length of expandable tubing and a length 
of larger diameter non-expanding tubing; 

. connecting an end portion of said expandable tubing to 
an end portion of said non- expanding, tubing with a portion 
of expandable tubing; 
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running the connected tubing into a bore; 

fixing said non-expanding tubing in the bore; and 

expanding the expandable tubing. 

19. The method of claim 18, further comprising fixing the 
non-expanding tubing in the bore by connection to an 
existing section of bore liner or casing. 

20. The method of claim 19, wherein the non-expanding 
tubing is fixed in the bore by a liner hanger. 

21. A tubing assembly comprising a length of expandable 
tubing, a length of larger diameter non-expanding tubing 
including means for connecting the non-expanding tubing to 
further tubing located in a bore, and a connecting portion 
of expandable tubing connecting an end portion of the 
expandable tubing to an end portion of the non-expanding 
tubing, the arrangement being such that, in use, the 
connected tubing may be run into a bore as a unit. 

22. The assembly of claim 21, further comprising a running 
tool including means for releasably mounting the tubing 
thereon. 

23. The assembly of claim 22, wherein the mounting means 
is releasable by one of , or a combination of, mechanical 
force and fluid pressure. 
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24. The assembly of claims 22 or 23, wherein the running 

tool incorporates means for expanding the expandable 
tubing. ; 



5 



25. The assembly of claim 24 , wherein the expanding means 
is initially located within the connecting portion. 



WO 99/23354 PCT/GB98/03261 




SUBSTITUTE SHEET (RULE 26) 



WO 99/23354 



PCT/GB98/03261 



3/3 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



lm. .ational Application No 

PCT/GB 98/03261 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 E21B43/10 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 E21B F16L 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of the relevant 



Relevant to claim No. 



P,A 



P.A 



WO 93 25800 A (SHELL CANADA LTD ; SHELL INT 
RESEARCH (NL)) 23 December 1993 
cited in the application 
see the whole document 

US 3 477 506 A (MALONE BILLY C) 
11 November 1969 
see figures 

WO 98 00626 A (SHELL INT RESEARCH ; SHELL 
CANADA LTD (CA» 8 January 1998 
see figure 1 



1,9,18, 
21 



1,9,18, 
21 



US 5 785 120 A (SMALLEY MICHAEL T 
28 July 1998 
see abstract 



ET AL ) 



□ 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



* Special categories of cited documents : 

"A* document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

tiling date 

V document which may throw doubts on priority dalm(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhtofflon or 
other means 

*P" document published prior to the international filing date but 
later than the priority date claimed 



T* later document published after the international Ming date 
or priority date and not in confSct with the application but 
cited to understand the principle or theory underlying the 
Invention 

"X" document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document is taken alone 

"Y" document of particular relevance: the ctaimed invention 
cannot be considered to involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
mtheart. 

document member of the same patent family 



Date of the actual completion of the international search 



15 January 1999 



Date of mailing of the International search report 



22/01/1999 



j mailing address of the ISA 

European Patent Office, P.B. 5818 PatentJaan 2 
NL • 2280 HV Rijswijk 
Tel. (431-70) 340-2040. Tx. 31 651 epo nl, 
Fax (+31-70) 340-3016 



Authorized officer 



fonseca Fernandez, H 



Rxm PCT/ISA/210 (second sheet) (Jury 1992) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



ink jtionai Application No 

PCT/GB 98/03261 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



WO 9325800 


A 


23-12- 


•1993 


AU 


0/2008 D 










AU 


4324593 A 


04-01-1994 










CA 


2137565 A 


23-12-1993 










DE 


69305852 D 


12-12-1996 










DE 


69305852 T 


22-05-1997 










DK 


643795 T 


14-04-1997 










EP 


0643795 A 


22-03-1995 










ID 

dr 


"7Ch"7£l 1 T 

/bO/OJii 1 












un 

FID 














NO 


944746 A 


03-02-1995 










NZ 


253125 A 


27-02-1996 










US 


5366012 A 


22-U-1994 


US 3477506 


A 


11-11- 


-1969 


NONE 






WO 9800626 


A 


08-01- 


-1998 


AU 


3442097 A 


21-01-1998 


US 5785120 


A 


28-07- 


-1998 


AU 


4955097 A 


03-06-1998 










WO 


9821444 A 


22-05-1998 



Foim PCT/1SA#1 0 (patent tam3y amex) (July 1992) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the orij 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items check* 



0 BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBITS) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 





THIS PAGE BLANK (uspto) 



